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(54) Method of rapidly consolidating particulate materials in wells 

(57) The present invention provides improved meth- 
ods of consolidating particulate material in a subterra- 
nean zone p>enetrated by a well bore. The methods 
basically conprise the steps of coating the particulate 
material with a hardenatHe resin composition and irradi- 
ating the hardenable resin composition coating on the 
particulate material witii microwaves to thereby acceler- 
ate the hardening of the resin composition whereby tiie 
particulate material is rapidly consolidated into a sta- 
tionary permeable mass. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates generally to methods of rapidly consolidating parttcutate materials in wells such 
as incompetent formation sands, proppant materials and gravel packing materials. 

2. Description of th^ Prior Art. 

[0002] Oil and gas wells are often completed in subterranean producing zones containing loose and incompetent 
sands. Heretofore, such loose and incompetent sands have been consolidated into stationary permeatsle masses by 
injecting a hardenable resin composition into the producing zones. That is. the inconpetent sands in the producing 
zones are coated with the hardenable resin composition and then the resin composition is caused to harden whereby 
the sands are consolidated into permeat>le masses. 

[0003] The producing zones in oil and gas wells are also often stimulated by hydraulic fracturing. In a hydraulic frac* 
turing procedure, a gelled fracturing fluid is pumped into the zone to be fractured at a rate and pressure such that one 
or more fractures are formed and extended in the zone. A solid particulate proppant material, e.g., sand, for propping 
the fractures open is suspended In a portfon of the fracturing fluid so that the proppant material is deposited in the frac- 
tures. In some instances, all or a part of the proppant material has heretofore been coated with a hardenable resin com- 
position. The resin composition has been caused to harden after the proppant material has been placed in the fractures 
so that the proppant material is consolidated into a stationary permeable mass. Such consolidation prevents proppant 
flow-back with fluids produced from tiie fractured formation. 

[0004] In gravel packing operations, solid gravel particles such as sand are carried to a subterranean zone or forma- 
tion in which a gravel pack is to be placed in a gelled carrier fluid. The gravel pack is typically formed between a screen 
and the walls of a well bore or tiie inside surfaces of casing cemented In the well bore. The gravel making up tfie gravel 
pack is often coated with a hardenable resin composition which is caused to harden whereby the sand is consolidated 
into a stationary permeable mass. Alternatively, the gravel packing operation m^ be performed as a high-rate water 
pack. In ttiis instance, ttie carrier fluid comprises water or lightiy gelled water injected at a high rate into the subterra- 
nean formation. Transport of tiie gravel contained in ttie fluid is achieved by tiie high fluid f tow rate ratfier than ttirough 
use of a gelling agent. 

[0005] In all of the above described well ti-eatmenls, the hardenable resin compositions utilized are caused to harden 
by formatfon heating or by contacting the resin witfi an internal or external hardening agent. While tiie particulate mate- 
rials used have been successfully consolidated into stationary permeable masses, tiie hardening processes have taken 
time during which the wells have had to remain shut-in. The shut-in time required often exceeds a day. This shut-in time 
delays tiie start of production and tiierefore involves a considerable cost in the fomi of lost production. Thus, tfiere is a 
need for improved methods of consolidating particulate material in wells whereby ttie consolidation process rapktiy 
takes place. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides improved methods of rapidly consolidating particulate materials in wells whfch 
meet the need described above and overcome tiie deficiencies of the prior art The methods of the invention are basi- 
cally comprised of tiie steps of coating a particulate material in or to be deposited in a subtenanean zone penetrated 
by a well bore witti a hardenable resin composition, and tfien in-adiating the hardenable resin composition coating witti 
microwaves to thereby accelerate ttie hardening of ttie resin composition and cause the rapkl consolidation of ttie par- 
ticulate material into a stationary permeable mass. The irradiation of ttie hardenable resin composition witti mtcrowaves 
is accomplished by positioning a source of microwaves in ttie subterranean zone containing the resin coated particulate 
material and ttien causing microwaves to radiate from ttie source. 

[0007] Improved metiiods of fracturing a subterranean zone peneti'ated by a well bore are also provkied by ttie 
present invention which are basically comprised of ttie foOowing steps. A gelled fracturing f lukJ Is pumped by way of ttie 
well bore into ttie subterranean zone at a rate and pressure sufffoient to fracture ttie zone. A particulate proppant mate- 
rial coated witti a hardenable resin composition whfoh is suspended in the gelled fracturing fluid is caaied into ttie frac- 
ture or fractures formed in the zone. Thereafter, ttie gelled fracturing f lukf as well as ttie hardenable resin conposition 
coating on ttie proppant material are irradiated wfth microwaves whfoh causes ttie acceleration of ttie breaking of ttie 
gelled fracturhg f lukf whereby it reverts to a thin f lukf and the hardening of ttie resin composition coating whereby ttie 
particulate proppant material is consolidated into a stationary permeable mass. The reversion of ttie gelled fracturing 



EP0 933498A1 



fluid to a thin fluid and the hardening of the resin composition coating takes place rapidly and the well can be placed on 
production immediately thereafter. 

[0008] improved methods of forming a gravel pack in a subterranean zone penetrated by a well bore are also provided 
by this inventioa The methods basically comprise pumping a carrying fLtid having a particulate material coated with a 
hardenaWe resin composition suspended therein into the subterranean zone whereby the resin conposition coated 
particulate material is deposited between a sand screen and the walls of the well bore in the zone. The hardenaWe resin 
composition coating on the particulate material is irradiated with microwaves to thereby cause the acceleration of the 
hardening of the resin composition coating whereby the particulate nrtaterial is rapidly consolidated into a permeable 
mass. Thereafter, fluids are produced from the subterranean zone. 

[0009] It is. therefore, a general object of the present invention to provide methods of rapidly consolidating resin 
coated particulate materials in wells. 

[001 OJ A further object of the present invention is the provision of improved metfiods of fracturing subterranean zones 
or forming gravel padis in sdbten'anean zones whereby tiie hardening of a resin composition coating on the particulate 
proppant material or gravel used takes place very rapidly. 

[001 1] Other and further dbjects. features and advantages of the present invention wilt be readily apparent to those 
skilled in the art upon a reading of the description of preferred embodiments which follows. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[001 2] The consolidation of loose and Incompetent sands in subterranean zones, the creation and propping of frac- 
tures in subtenranean zones and the formation of gravel packs in subterranean zones are treatments well known to 
those skilled in the art. In all of such well treatments, a hardenaUe resin composition is often coated onto the particulate 
material involved which is caused to harden. 

[0013] In one metiiod of consolidating loose and inconrpetent sands in a subterranean zone, the sands are coated 
with a hardenable resin composition by injecting the conposition into the zone. Thereafter, the resin composition is 
caused to harden by formation heating or a hardening agent whereby the sands are consolidated into a stationary per- 
meable mass. In fracturing subterranean zones to stimulate the production of hydrocartX)ns therefrom, a particulate 
prqppant material, which is typically graded sand, may be coated with a hardenable resin composition and suspended 
in a fracturing f lukl. The fracturing fluid is then pumped Irito the zone at a rate and pressure which produces one or more 
fractures therein. The fracturing fluid carries the resin coated proppant material into the formed fractures, and tfie resin 
coating on the proppant material is caused to harden whereby ttie proppant material is consolMated into a stationary 
permeable mass. The consolidation of the proppant material prevents its flow-back with fluids subsequently produced 
from the formation. 

[001 4] In the formation of gravel packs, tfie gravel, which is also typically sand, may be coated with a hardenable resin 
conposition and placed between a sand screen and the walls of a well bore by a gelled carrier f lukf or by water injected 
at a high rate. The resin conposition is tiien caused to harden whereby the gravel pack is consolidated into a stationary 
permeable mass. 

[001 5] As mentioned above, in all of tiie above described well treatments, the hardenable resin composition is caused 
to harden in ttie subterranean zone by formation heating or by contact of the resin with a hardening agent either a 
delayed internal hardening agent or an external hardening agent However, in all of the procedures, a considerable well 
shut-in time is required from when the resin composition hardening process starts to when the particulate material is 
fully consolkiated into a stationary permeable mass. 

[001 6] In accordance wittt the present invention, resin conposition coated particulate material is very rapidly consol- 
idated into a stationary permeable mass which significantiy reduces tfie well shut-in time involved. More specifically, tiie 
time that a well must be shut-in before it can be placed on production as a result of waiting for hardenable resin com- 
position coated particulate material to be consolUated is reduced by the methods of the present invention from more 
than a day to as littie as several hours. 

[001 7] The improved methods of the present invention for consolkJating particulate material in a subterranean zone 
penetrated by a well bore are basically comprised of the steps of coating ttie particulate material with a hardenable 
resin composition and ttien irradiating the hardenable resin composition coating on ttie particulate material with miao- 
waves to thereby accelerate the hardening of the resin composition whereby the particulate materia is rapidly consoli- 
dated into a stationary permeable mass. 

[0018] When ttie particulate material to be consolidated is loose or inconpetent formation sands, ttie sands are 
coated wrtti a hardenable resin composition by pimping ttie hardenable resin conposition into ttie subterranean zone 
containing ttie sands. When ttie particulate material to be consolidated is proppant material for propping fractures or 
gravel for forming gravel packs, ttie particulate material can be precoated witti a hardenable resin composition at a loca- 
tion away from ttie job site, a ttie particulate material can be coated witti a hardernble resin composrHon on ttie surfece 
at the site or ttie particulate material can be coated while being pumped at ttie site. The hardenable resin conposition 
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is suspended in a fracturing or carrying fluid and the fracturing or carrying fluid is pumped into the subterranean zone 
to be fractured or gravel packed whereby the hardenaWe resin coated particulate matenal is deposited therein. 
[00191 The irradiation of the hardenaWe resin composition with miaowaves is accomplished in accordance with the 
present invention by lowering or othewise transporting a source of microwaves. e.g.. an electronic miaowave genera- 
tor through tf«e well bore into the subterranean zone, and then causing miaowaves to be radiated from the source 
whereby Se hardenaWe resin conposition in the subterranean zone is irradiated with the microwaves. As will be further 
described hereinbelow. the simultaneous microwave inadiation of a gelled fracturing or carrying fluid m the subterra- 
nean zone accelerates the breaking of the gelled fluid whereby it rapidly reverts to a tWn fluid. 

[0020] The improved methods of the present invention for fracturing a sitterranean zone penetrated by a well bore 
tesically comprise the following steps. A gelled fracturing fluid is pumped by way of the well bore into the w 
zone at a rate and pressure sufficient to fracture the zone. A hardenable resin composition coated particulate pfoppant 
material suspended in the gelled fracturing fluid is carried into the fracture or fractures formed in the zone. Thereafter 
both the gelled fracturing fluid and the hardenable resin composition coating on the proppant material are inadiated with 
microwaves to thereby cause the acceleration of the breaking of the gelled fracturing fluid and the hardening of the resin 
conwsition coating whereby the fracturing f luW is rapidly caused to revert to a thin fluid and the particulate proppant 
material is rapidly consolidated into a stationery permeable mass. Thereafter, fluids are produced from the subterra- 

Sir"A variety of particulate materials can be utilized as the gravel used in fbrming gravel packs and as the proppant 
material used in fracture stimulation procedures including sand, bauxite, ceramic materials, glass materials and the like. 
Typically, sand is utilized for both gravel packing and fracturing procedures having a parttale size »njhe range of from 
^out 2 to about 400 mesh. U.S. Sieve Series. The sand preferably has a particle size in the range of from 10 to about 
70 mesh, u S S-eve Series, and has a particle size distribution range of one or more of 10-20 mesh. 20-40 mesh. 40- 
60 mesh or 50-70 mesh, depending on the particular applicatkjn involved. 

[00221 The haidenaWe resin coirpositions whk* are useful in accordance with the present invention are well known 
to those skilled .n the art and are generally comprised of a hardenable organkj resin, and when the particulate materia^ 
to be coated « sand, a resin-to-sand coupling agent Resin compositions whfch can be used to precoat sand pnor to 
placing the ies« coated sand in a tomiatton or gravel pack are desaibed. for example, in U S. Pat«« No t^^*"^ 
issued to Copetend. et al. on February 21 . 1978 and US. Patent Na 4.199.484 issued to Murphey on April 22. 198a 
both of whutfi are incorporated herein by reference. Resin compositions suitable fbr "on-the^ly" coating are descnbed 
in US Patent No 4 042 032 issued to Anderson, et al. on August 16. 1977. U.S Patent Na 4.070.865 issued to 
McLaughlin on January 31. 1978. and US. Patent Na 5.058.676 issued to Fitzpatrtek. et al. on October 22. 1991. all of 
which are incorporated herein by reference. The hardenable organic resin compositions are cured or hardened by heat- 
ing to a temperature above about 150» F and/or by contact with a hardening agent. Examples of hardenable organic 
resins which are particularly suitable fbr use in accordance with this invention are novolak resins, polyepoxide resins. 
Dolvester resins. phenol-aWehyde resins. urea-aWehyde resins, furan resins and urethane resins. The resins are avail- 
able at various viscosities, depending upon the molecular weight of the resia The preferred viscosity of the organic 
resin used in accordance with thisinvention is in the range offrom abouti toabout1.000centipoisesat80«R However, 
as will be understood, resins of higher viscosities can be utilized when mixed or blended with 1 or more diluents. Exam- 
ples of suitable diluents fbr polyepoxide resins are styrene oxWe. octylene oxide, furfuryl alcohol, phenols, furfural, liquid 
monoepoxides such as allyl glycidyl ether, and liquid diepoxides such as diglyddyl ether or resorcind. Examples o^ 
such diluents for furfuryl aloohd resins. phend-akJehyde resins and urea-akJehyde resins indude. but are not bmitad 
to. furfuryl alcohd. furfural, phend and aesd. Diluents which are generally useful with all of the various resins men- 
tioned above are phends. fbrnrialdehydes. furiuryl aksohd and furfural. 

[0023] As mentioned, a coupling agent is utilized in the hardenable resin compositkwis to provide coupling or adhe- 
sion to sand and other silidous materials. A parttoulariy suitable such coifl^ling agent is an aminosilane compound or a 
mixture of such conpounds selected from the group consisting of N-p-(aminoethy0^aminopropyltri-methoxy8ilane. N- 
B-(aminoethyl)-N-B-(aminoethyl)-raminopropyttrimethoxysilane. N-p-(aminopropyO-N-p-(aminobutyl)-raminopropy«ri- 
ethoxy-silane and N-p-<aminopropyl)-raminopropytlrielhoxysilana The most prefWred OMipling agent is N-p-{aminoe- 
thyl)-ran«nopropyltrinnethoxysilanft . . . „, 

[00241 As also mentioned, the haidenable resin composiltons described above will harden over tme by heatng in the 
formation to temperahires above about 150* F. However, to insure that the hardenable resin conpositton used in 
accordance with this invention haidens very rapidly, an internal hardening agent is preferably induded in the resin com- 
position The internal hardening agent is selected whereby it causes the resin composition to begin hardening after a 
pwiod of time suffidert fbr the resin composition to be pumped into a subterranean zona A ret^ 
lengthen or shorten the pumping time can be utilized with the hardening agent used. 

[00251 Suitable internal haidening agents tor resin compositions formed of pdyepoxide resins include, but are not lim- 
ited to amines, pdyamines. amkJesandpolyairides. Alkjuid eutectic mixture d amines and methylene dianiline diluted 
with methyl alcohd can also be utilized. Examples of internal hardening agents whtoh can be used with resin composi- 
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tions containing furan resins, phenol-aldehyde resins, urea-aldehyde resins and the like are hexachloroacetone, 1 .1,3- 
trichlorotrif luoroacetone, benzotrichloroide. benzylchloroide and benzalchlororde. 

[0026] When a particulate material ^uch as sand, bauxite or ceramic material is coated with a hardenable resin com- 
position and suspended in a frEK:turlng fluid or carrying fluid, various techniques can be utilized. For example, as men- 
tioned above the particulate material can be precoated with a hardenable resin composition at a location remote from 
the job site and shipped to the site tor use. Alternatively, the particulate material can be coated on the surface at the job 
site using conventional techniques and tiien suspended in the fracturing or carrying fluid to be utilized. In an alternate 
technique, the particulate material can be suspended in the gelled fluid with the hardenable resin composition being 
injected into the fluid as the fluid containing the suspended proppant is pumped, i.e.. the resin composition can be 
injected on-the^ly in accordance with the methods descrbed in U.S. Patent Na 4,829,100 issued on May 9, 1989 to 
Murphey. et al. or U.S. Patent Na 5,128.390 issued on July 7, 1992 to Murphey. et al.. both of which are incorporated 
herein by reference. 

[0027] The gelled fracturing fluids or gelled carrying fluids which are useful in accordance with the present invention 
are also well known to those skilled in the art and are generally comprised of an aqueous \iqwd such as fresh water or 
salt water combined with a hydratable gelling agent. When the gelling agent hydrates in water, the viscosity of the mix- 
ture increases. The viscosity can be further increased by combining a cross-linking agent witii the mixture. The 
increased viscosity reduces fluid loss and allows the fracturing or carrying flukl to transport significant quantities of 
hardenable resin coated particulate material into a subterranean zone and/or fractures created therein. 
[0028] A variety of gelling agents can be utilized including hydratable polymers which contain one or more functional 
group such as hydroxyl, cis-hydroxyl. carboxyl, sulfete. sulfonate, amino or amide. Particularly useful such polymers are 
polysaccharUes and derivatives tiiereof whk:h contain one or more of the monosaccharide units galactose, mannose, 
glucoside. glucose, xylose, arabinose. fructose, glucuronic acid or pyranosyl sulfate. Natural hydratable polymers con- 
taining the foregoing functional groups and units include guar gum and derivatives thereof, locust bean gum, tare, kon- 
jak. tamarind, starch, cellulose and derivatives tiiereof. karaya, xantiian, tragacanth and canrageenan. Hydratable 
synthetic polymers and co-polymers which contain the above mentioned functional groups and which have been uti- 
lized heretofore include polyacrylate. polymethacrylafe, pdyacrylamide. maleic anhydride, methylvinyl ether polymers, 
polyvinyl polymers, polyvinylpynolidone and xanthan gum. 

[0029] Prefened hydratable polymers which yiekJ high viscosities upon hydration. i.e.. apparent viscosities in ttie 
range of from about 10 centipoises to about 90 centfpoises at concentrations In the range of from about 1 0 pounds per 
1 .000 gallons to aix>ut 80 pounds per 1 .000 gallons in water, are guar gum and guar derivatives such as hydroxypro- 
pylguar and carboxymethylguar, cellulose derivatives such as hydroxyettiyl-cellulose, cart)oxymethylcellulose and car- 
boxymethylhydroxy-ethylcellulose. polyacrylate. polymettiacrylate. polyvinyl polymers and xanthan gum. 
[0030] The viscosity of gelled fluids of tiie type described above can be Increased by combining cross-linking agents 
with the gelled solutions. Exanples of cross-linking agents which can be utilized include borates, multivalent metal 
salts, and other compounds which are capable of releasing multivalent metal ions in an aqueous solution. Exanples of 
such multivalent metal ions are chromium, zirconium, antimony, titanium, iron (ferrous or fenric). cateium. magnesium, 
and aluminum. The above described gelled or gelled and cross-linked fracturing or canrying fluids can also include inter- 
nal gel breakers which are known to those skilled in the art such as tiiose of the enzyme type, the oxidizing type or the 
acid buffer type. The gel breaker's function to cause a viscous gelled fluid to revert to a tiiin fluid after a period of time 
so that they can be produced back to the surface after they have served their purpose. 

[0031] As mentioned above, in fracture stimulation procedures earned out in sutsterranean producing zones, a hard- 
enable resin composition coated particulate proppant material. e.g. graded sand, is suspended in a viscous gelled frac- 
turing fluid so ttiat the coated proppant is carried into the formed fractureis and deposited ttierein when the flow rate of 
tiie fracturing flukl and the pressure exerted on tiie fractured subtenanean zone are reduced. The proppant functions 
to prevent the fractures from closing due to over burden pressures, i.e.. to maintain ttie fractures in an open position 
whereby produced fluids can flow through the fractures. 

[0032] In accordance with the methods of tiie present invention, a subterranean zone penetrated by a well bore is 
fractured by first suspending a particulate proppant material coated witti a hardenable resin composition in a gelled 
fracturing fluid, ttien pumping the gelled fracturing fluid by way of the wed bore into the subterranean zone at a rate and 
pressure sufficient to fracture ttie zone and carry ttie coated particulate proppant material into ttie fracture or fractures 
formed in ttie zone and next irradiating the gelled fracturing fluid and ttie hardenable resin composition coated proppant 
material with microwaves to ttiereby cause the acceleration of ttie breaking of ttie gelled fracturing fluid and ttie hard- 
ening of ttie resin composition coating on the proppant material whereby ttie fracturing f kiid rapidly reverts to a thin fluid 
and ttie resin coated particulate proppant material is rapidly consolidated into a stationary permeable mass in ttie sut>- 
terranean zone. Thereafter, fluids are produced from ttie sut^tenanean zone. 

[0033] Also, in accordance witti ttiis invention, a gravel pack is formed in a well bore penetrating a subterranean for- 
mation by suspending a particulate material coated witti a hardenable resin composition in a canying f luM, punping ttie 
carrying fluid and resin composition coated particulate material into ttie annulus between a sand screen and the wails 
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^ II Knr« «ih«r«hv tha resin coated particulate material is deposited in the annulus and then irradiating the resin 
of thereby cause the acceleration of the ha«Jening of the resin compos.tK,n 

Wgh^at^to maintain the particutetemateral in suspensions^ 
s ISirinordertofurthrillustratethemelhodsdthepre^ 

EXAMPLE 

rooasi Pluasfbrmedofavarietydparticulatematerials««repreparedinglasstubes.Theplug8v^^ 
00351 Rugs fom«d « « va^^ P particulate materials making up the plugs were coated wrth various harden- 

" s^'r:sr^!:^sjra:^^^^ 

Sr'C^liibes containing the particulate material andf^^ 

Kpower 5 650 watts and were exposed to 20 percent of the maximum power for alXHit 40 minutes. The results of 
IS these tests are given in the Table below. 
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TABLE 



5 




CONSOLIDATION TESTS | 




Particulate Material 


Size of Particulate 
Material. U.S. Sieve 
Series Mesh Range 


Hardenable Resin 
Composition 


Fracturing or Carrying 
Ruid 


Observations 1 


1v 


Sintered Bauxite 


18-30 


Phenolic Resin^ 


Cross-linked aque- 
ous hydroxypropyl- 
guar gel (40«/1000 
gal)2 


Strongly consoli- | 
dated-Gel broken 1 


IS 


V/eicSiiiiw ivialcilaf 


20-40 


Phenolic Resin^ 


Aqueous solution 
containing 2% by 
weight KCI 


Strongly consoli- 1 
dated 






20-40 


Phenolic Resin^ 


Aqueous solution 
containing 2% by 
weight KCI 


Strongly consoli- 1 
dated 


20 


unawa oana 


20-40 


Phenolic Resin^ 


Aqueous solution 
containing 2% by 
weight KQ 


Strongly consoli- 1 
dated 


25 


unawa sand 


20-40 


Phenolic Resin® 


Aqueous solution 
containing 2% by 
weight KCI 


Strongly consoli- 1 
dated 


30 


Sintered Bauxite 


16-30 


Furan Resin^ 


Aqueous solution 
containing 2% by 
weight KCI 


Strongly consoli- 
dated 


Ottawa Sand 


20-40 


Furan Resin^ 


Aqueous solution 
containing 2% by 
weight KCI 


Strongly consoli- 
dated 


35 


Ottawa Sand 


16-30 


Epoxy Resin® 


Aqueous solution 
containing 2% by i 
weight KCI 


Strongly consoli- 1 
dated 



40 



45 



_ _ , _ , _ , HMMv w«M^icuiuii ■iwnwv./ic rniivirt— 

Gross-linked with delayed borate aoss-lintor at pH Of 11 .5. 
' CommerciaBy availabfe from Hepwcrth Minerals & Chemicals, Ud. under the trade designation "NORCOTE SROC with 
QOPTM- (shear resistant double coat with drill out preventot). 

^ Commercialy available from Sartrol under the trade designatk)n -SAffTROL SUPER DO^ (double coat). 
^ Commercially available from Boiden Chemical. Inc.. Oil Field Products Division, under the trade designation "SB UURA^. 
® Commercialy a/aOable from Borden Chemical, Inc.. Oil Field Products Division, under the bade designation "PRB^ (0re- 
cured resin). 

^ Commercialy available from Hattburton Energy Services* Inc. under the frade designation "H YDROFIX«^. The resin 
was coated on-the^. ® CommerciaUy available from HaUixirton Energy Sen/ices. Inc. under the frade designation -PRO- 
PLOK33"**. 



[0037] From the results of the tests given in the Table, it can be seen that the resin coated particulate materials tested 
50 were quickly consolidated as a result of microwave inradiation. 

[0038] Thus, the present inventton is welt adapted to carry out ttie objects and attain the features and advantages 
mentioned as well as those which are inherent therein. While numerous changes may be made by those skiOed in the 
art. such changes are encompassed within the spirit of this in\fen6on as defined the appended claims. 

55 Claims 

1 - An improved method of consolidating particulate material In a subterranean zone penetrated by a well bore com- 
prising ttie steps of: 
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5 



ulate material therein. »*, etao fa> bv being precoated 

1 H«reinsaidparticulaten«terialiscoatedinacc»«ta^^ 

ceramic matenal. .Mon is comprised of a hatdenable organic resin. 

partculate material «oepo« „«rticulate material with miaowaves to 
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18. The method of claim 17 wherein said cross-linking agent is selected from the group consisting of l)orates and com- 
pounds capable of releasing multivalent metat ions. 

19. An improved method of fracturing a sutrterranean zone penetrated by a well bore comprising the steps of: 

(a) suspending a particulate proppant material coated with a hardenaWe resin composition in a gelled fractur- 
ing fluid; 

(b) pumping said gelled fracturing fluid of step (a) by way of said well bore into said subterranean zone at a rate 
and pressure sufficient to fracture said zone and carry said particulate proppant material coated witti said hard- 
enable resin composition into the fracture or fractures fbrmed in said zone; 

(c) Irradiating said gelled fracturing fluid and said hardenable resin composition coating on said proppant mate- 
rial with microwaves to thereby cause the acceleration of the breaking of said gelled fracturing fluid whereby it 
rapidly reverts to a thin fluid and the hardening of said resin composition coating whereby saU particulate prop- 
pant material is rapidly consolklated into a stationary permeable mass; and then 

(d) producing fluids from said subterranean zone. 

20. The method of claim 19 wherein saki particulate proppant material is selected from the group consisting of sand, 
bauxite and ceramic material. 

21 . The method of claim 19 wherein said particulate propping material is sand and sakl hardenable resin composition 
is comprised of a hardenable organto resin and a 

22. The mettiod of claim 21 wherein sakJ hardenable organic resin is selected from tiie group of novolak resins, poly- 
epoxide resins, polyester resins. phend-aWehyde resins, urea-aldehyde resins, furan resins and urethane resins. 

23. The method of claim 21 wherein sakj coupling agent comprises an aminosilane compound. 

24. The method of claim 19 wherein sakl gelled fracturing flukJ is comprised of water and a hydratable gelling agent. 

25. The mettiod of claim 24 wherein saki hydratable gelling agent is selected from the group of guar gum and deriva- 
tives ttiereof, cellulose derivatives, pdyacrylate. polymethacrylate, polyvinyl polymers and xanttian gum. 

26. The method of daim 24 wherein saki gelled fracturing flukl further comprises a cross-linWng agent 

27- The method of claim 26 wherein saki cross-linking agent is selected from the group consisting of borates and com- 
pounds capable of releasing multivalent metal ions. 



EP0 933498A1 



J 



A\n ^""^^P®^" EUROPEAN SEARCH REPORT 

QJJm Office 



Application Numbor 

EP 98 30 0774 



Category 



prsm iMCMTfi CONSIDERED TO BE RELEVANT 



Citation ol document with indication, where appropriate. 
of relevant passages 



GB 2 099 041 A (SHELL ITERNATIONAL 
RESEARCH MAATSCHAPPIJ 1 ^^^^^J^^f J 

* page 2, line 18 - line 31: claim 1 * 

US 3 929 191 A (J. U. GRAHAM) 30 December 
1975 

* column 7. line 3 - line 11 * 

* column 7. line 25 - ^ine 13 * 

US 5 393 439 A (S.B. LARAMAY) 28 February 
1995 

* claims 1.6-8 * 

US 4 494 318 A (J.G. SMILLIE) 22 Janiiary 
1985 



* claims 8,12 * „ * 

* column 1, line 18 - ne 33 * 

* column 4. line 15 - 1 ne 35 * 

* column 2. line 56 - line 65 * 

EP 0 313 243 A (HALLIBUTON COMPANY) 26 
April 1989 

* page 2, line 1-4 * 

* page 3. line 4 - line 10 * 

* page 4. line 40 - line 45 * 

* Jage 6, line 21 - ine 24 * 

* page 7, line 44 - me 47 ♦ 

DE 26 52 045 A (HALLIBURTON) 18 Hay 1978 

* claim 1 * 

US 4 817 711 A (C.G. JEAMBEY) 4 April 1989 

* claim I * 



,3,5-8 



9-14 



19-22. 
24-27 



,3. 
5-14, 

9-22, 
24-27 



m present search report ha s been drawn up tor all cta.ins 

Oaw ol compition of it» s»«reh 



Relevant 
to claim 



CLASSIFICATIOW OF THE 
APPLICATIOW (lnt.CI.6) 



1,3,5-27 



1,2 
4 



E21B43/02 
E21B43/04 
E21B43/26 
E21B43/267 



TECHNICAL FIELDS 
SEARCHED (lnl.CI.6) 



E21B 




X oaiucuiarty retevani e taken a;one 
? partSilarlv relevant ^ contD«.90 with anotner 

document of the sama categofy 
A technokjgica* background 
O non-writtan <J»sctosur» 
P tfnermeOiate documem 



& : mender of the same patent family, corresponding 
documem 



